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Abstract 
In order to fit the situation in the future that electric vehicles will be widely used, it’s necessary to study the characters of the 
electric vehicles for transportation planning and management. As an important part of the traffic demand forecast, traffic 
assignment model needs to be updated to fit the new characters of electric vehicles. Add distance constraint to original users 
equilibrium model and set different proportion for electric vehicles and gasoline vehicles, the new users equilibrium model that
based on the distance constraint of the electric vehicles can be found. Make traffic assignment in the simulate road network and
compare the results to those in the original users equilibrium model. The final results show that both the distance constraint and 
the proportion of electric vehicles in the whole network strongly influence the distribution of traffic flow. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
With the high increase of vehicle holdings in China in recent years and the air pollution become more serious, 
environment-friendly vehicles become the future of automobile industry [1]. As it has already reflected in vehicle 
purchase policies in several important cities, electric vehicle, which is an important part of environment-friendly 
vehicles, will be widely used in the future.  However, there are two main problems. The first problem is that the 
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charging process costs too much time and the technological advance of battery still needs a long time to be fulfilled 
[2, 3]. The second is that the charging facilities for electric vehicles still need some time to be built [4]. The two 
factors above will surely influence the travel behaviors of electric vehicle users. Under the condition that the electric 
vehicles are widely used, the distribution of traffic flow in the road network will change. It is important to know the 
new changes for transportation planning and management. 
This paper aims to study on the traffic assignment for electric vehicles. Add distance constraint and set different 
proportion of electric vehicles, the change of traffic flow distribution compared with the original users equilibrium 
model will be showed. 
2. User equilibrium model with distance constraint 
2.1. Users equilibrium model 
Users equilibrium model is based on the first Wardropian  principle, Wardropian UE principle, the assumption  is 
that all travelers make the travel decision independently so as to minimize the travel time. It comes to the final 
network flow condition that in the same OD, all the paths that are used shows the equal shortest travel time, all the 
paths that are not used shows the longer or equal travel time compared with the former [5]. Under the circumstance, 
no users can change the path independently to decrease its own travel time. In real road network, there are so many 
ODs, each OD has its own path group, a user’s travel decision not only influences the users in the same OD, but also 
influences the users in other ODs who share the same links. Finally, with the interaction of all the users’ travel 
behaviors, no user can decrease its own travel cost by changing paths, the traffic flow in network reach the 
equilibrium state. 
The Wardropian UE principle provides theoretical basis for traffic assignment, it fits the real travel needs of 
humans. In the year of 1956, Beckmann etc. presents the optimization model to express the user equilibrium state, it 
is shown as follows. 
0
min ( ) ( )
ax
a
a
z x t x dx ¦³ (1) 
s. t. w qkk f q w ¦ (2) 
0 ,wkf k wt  (3) 
,
w w
a k a k
w k
x f aG ¦¦  (4) 
In this model, ax is the traffic flow rate in link a ; ( )at x is the travel cost in link a , it’s often a function of travel 
time and traffic flow rate; wkf is the kth path flow in wth OD; 
wq is the traffic demand of wth OD; ,
w
a kG is a parameter, 
,
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a kG means the link a is included in the kth path of wth OD, otherwise , 0
w
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Formula (1) is objective function, it indicates that when the network flow reach user equilibrium state, the whole 
travel cost reach the minimum, while the travel cost is usually the function of traffic flow rate, it increases as the 
traffic flow rates gets more. Formula (2) means the conservation of path flow and traffic demand in the same OD. 
Formula (3) means the path flow is above 0. Formula (4) means the conservation of path flow and link flow, the 
flow in link a is the sum of all the path flows that share link a. 
2.2. Users equilibrium model with distance constraint 
User equilibrium model with distance constraint add distance constraint and the proportion of electric vehicles to 
the original users equilibrium model. It still correspond to Wardropian UE principle. The model is shown as follows. 
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In this model, ax is the traffic flow rate in link a ; ( )at x  is the travel cost in link a , it’s often a function of 
travel time and traffic flow rate; wkf  is the electric vehicle flow rate in kth path of wth OD; 
w
km  is the gasoline 
vehicle flow rate in kth path of wth OD; wq is the traffic demand of wth OD; d  is the distance constraint for 
electric vehicles, it represents the maximum travel distance for a single charging process; wkl is the distance of kth 
path in wth OD ,
w
a kG  is the same as it’s in the original model. 
Formula (5) is objective function, it indicates that when the network flow reach user equilibrium state, the whole 
travel cost reach the minimum, while the travel cost is usually the function of traffic flow rate, it increases as the 
traffic flow rates gets more. Formula (6) indicates the conservation of traffic demands and path flows in each OD. 
Formula (7) is the conservation of link flow, it means the link flow is the sum of all the electric vehicles and 
gasoline vehicles that use the link. Formula (8) shows the different proportion of electric vehicles and gasoline 
vehicles among each OD, while h is the proportion of gasoline vehicles (the proportion of electric vehicles is 1-h), it 
is among 0 to 1. Formula (9) is a constraint, it means when the distance of kth path in wth OD exceeds the 
maximum travel distance for a single charging, the path flow of electric vehicles must be 0. Formula (10) and (11) 
are both flow control condition, each one must be equal or above 0. 
2.3. Applicable Occasion 
In real practice, this model aims to make traffic assignment in regional road network or the road network in 
megacities. In such road networks, some travel paths maybe longer than the maximum travel distance for a single 
charging of electric vehicles, the users of electric vehicles need to avoid these paths or the vehicles will shut down in 
halfway. However the users of gasoline vehicles are not restricted to distance constraint, but some of them are 
willing to save travel time, so their path choice will be influenced by electric vehicle users. When getting known of 
the traffic flow distribution, governors can optimize the distribution of service facilities to provide better services for 
all the travellers. 
3. Numerical Example 
In order to study the influence by the distance constraint, set different proportion values for electric vehicles and 
gasoline vehicles, make traffic assignment based on the new model in the simulate road network in figure 1, 
compare the results with those in the original user equilibrium model. Since there is no distance constraint in 
original model, the difference between the two results will clearly show the influence by the distance constraint. 
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Figure1. Simulate road network 
There’re 8 points in the simulate road network, point 1,2 are origin, point 3,4 are destination, point 5,6,7,8 are 
midpoint. The origins only generate traffic demand, the destinations only attract traffic demand, the midpoints 
neither generate nor attract traffic demand. There’re 10 links and 8 paths in the network. The arrow on the link 
shows the available travel direction, the numbers besides the links represent the distance of the link, they’re fixed. 
The travel cost in the link is a function of traffic flow rate: T=1+Y2, T is travel cost in the link, Y is the traffic 
flow rate. Set different distance constraint and different proportion of two type of vehicles, analyse the change in 
link flow, path flow and total travel cost in network. 
Assume that there are 4 ODs, 1-3, 1-4, 2-3, 2-4, the traffic demand in each OD is 10. The 8 paths in the network 
are 1-5-6-3, 1-5-7-8-6-3, 1-5-7-8-4, 1-5-6-8-4, 2-7-5-6-3, 2-7-8-6-3, 2-7-8-4, 2-7-5-6-8-4. Link costs and distances 
of the connectors (i.e., those links connecting origins or destinations with internal nodes) are assumed to be zero and 
all other links have the same cost function, namely, T=1+Y2.
According to table1 and table 2, with the decrease of the distance constraint, the amount of paths that electric 
vehicle users can choose monotonically decrease. Despite the travel cost, electric vehicle users will only choose the 
paths that are shorter than the distance constraint, even though such choices will lead to higher travel cost and traffic 
jam. As gasoline vehicles have no distance constraint, when travel cost of the paths that electric vehicle users have 
to choose increase signally, the gasoline vehicle users tend to choose the paths that are longer in distance but with 
lower travel cost. 
According to table3, with the decrease of distance constraint, the total travel cost in the whole network increases. 
The reason is that the electric vehicles gather in only several shortest paths which lead to significantly increasing 
travel cost. While with the proportion of gasoline vehicles increases, more travellers will not be confined to distance 
constraint, the flexibility of path choosing enhances, the total travel cost decreases. When the proportion of electric 
vehicles reduce to a specific level, the total travel cost is equal to that in original user equilibrium model, it will not 
increase with the change of distance constraint. The traffic assignment results are shown as follows. 
4. Conclusion 
Add distance constraint to original user equilibrium model and set different proportion for electric vehicle, a user 
equilibrium model with distance constraint of electric vehicles is created. From the numerical example, a conclusion 
can be drawn that different users (electric vehicle users and gasoline vehicle users) tend to choose different paths, it 
leads to a new distribution of traffic flow in the road network. The influencing factor is distance constraint of 
electric vehicles and the proportion of two types of vehicles. Before the technological advance of battery is reached 
and under the background that both the electric and gasoline vehicles coexist in the road network, this model 
provide a way to analyse the change in distribution of traffic flow, which can help governors improve the 
transportation planning and management. 
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Table 1.Path flow 
Path Length
Distance constraint (Proportion of gasoline vehicle), 
Path flow (electric vehicle, gasoline vehicle) 
N/A(random) 25(random) 24(0) 24(0.2) 24(0.4) 24(0.6) 24(0.8) 
1-5-6-3 20 10 10 10,0 8,2 6,4 4,6 2,8 
1-5-7-8-6-3 28 0 0 0,0 0,0 0,0 0,0 0,0 
1-5-7-8-4 23 5 5 7,0 5,2 2,4 4,1 2,3 
1-5-6-8-4 24 5 5 3,0 3,0 4,0 0,5 0,5 
2-7-5-6-3 22 5 5 10,0 8,0 6,0 4,1 2,3 
2-7-8-6-3 25 5 5 0,0 0,2 0,4 0,5 0,5 
2-7-8-4 20 10 10 10,0 8,2 6,4 4,6 2,8 
2-7-5-6-8-4 26 0 0 0,0 0,0 0,0 0,0 0,0 
Table 2.Path flow 
Path Length 
Distance constraint (proportion of gasoline vehicle), 
Path flow (electric vehicle, gasoline vehicle) 
24(0.8) 24(1) 23(0.2) 23(0.4) 23(0.6) 23(0.8) 23(1) 
1-5-6-3 20 2,8 0,10 8,2 6,4 4,6 2,8 0,10 
1-5-7-8-6-3 28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
1-5-7-8-4 23 2,3 0,5 8,0 6,0 4,1 2,3 0,5 
1-5-6-8-4 24 0,5 0,5 0,2 0,4 0,5 0,5 0,5 
2-7-5-6-3 22 2,3 0,5 8,0 6,0 4,1 2,3 0,5 
2-7-8-6-3 25 0,5 0,5 0,2 0,4 0,5 0,5 0,5 
2-7-8-4 20 2,8 0,10 8,2 6,4 4,6 2,8 0,10 
2-7-5-8-6-4 26 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
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Table 3. Link flow and total travel cost 
Distance constraint 
(Proportion of gasoline vehicle) 
Link flow 
Total cost 
Link5-6 Link5-7 Link6-8 Link7-5 Link7-8 Link8-6 
N/A(random) 20 5 5 5 20 5 2510 
26(random) 20 5 5 5 20 5 2510 
25(random) 20 5 5 5 20 5 2510 
24(0) 23 7 3 10 17 0 2586 
24(0.2) 21 7 3 8 19 2 2538 
24(0.4) 20 6 4 6 20 4 2514 
24(0.6) 20 5 5 5 20 5 2510 
24(0.8) 20 5 5 5 20 5 2510 
24(1) 20 5 5 5 20 5 2510 
23(0) 20 10 0 10 20 0 2610 
23(0.2) 20 8 2 8 20 2 2546 
23(0.4) 20 6 4 6 20 4 2514 
23(0.6) 20 5 5 5 20 5 2510 
23(0.8) 20 5 5 5 20 5 2510 
23(1) 20 5 5 5 20 5 2510 
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